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L REAL PARTY IN INTEREST 

The real party in interest in U.S. Application No. 09/361,652 is the 
Regents of the University of California and the National histitutes of Health. 

II. RELATED APPEALS AND INTERFERENCES 

There are no other pending appeals by Appellants or interferences in 
which Appellants are involved the outcome of which would directly affect the decision 
by the Board of Patent Appeals and Interferences in this pending appeal. 

III. STATUS OF THE CLAIMS 

Claims 1-63 were originally filed. Subsequently, claims 2, 3, 7, 9-33, 36- 
60 were canceled and claims 64-67 were added. Claims 1, 4-6, 8, 34, 35, and 61-67 are 
pending in this application. In the final Office Action mailed December 9, 2004, the 
Examiner rejected all pending claims under 35 U.S.C. §101, alleging lack of either a 
credible specific and substantial utility, or a well-established utility. The Examiner also 
rejected the claims under 35 U.S.C. §112, first paragraph, alleging failure to enable the 
claimed invention based on the utility rejection. Furthermore, the Examiner rejected 
claims 1, 6, 34, 35, and 61-67 under 35 U.S.C. §1 12, first paragraph, for alleged 
inadequate written description. Claims 1, 4-6, 8, 34, 35, and 61-67 are being appealed. 

IV. STATUS OF THE AMENDMENTS 

No amendment was filed subsequent to the final Office Action of 
December 9, 2004. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed subject matter in this appeal relates to a nucleic acid encoding 
a taste transduction G-protein coupled receptor (GPCR). 
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Claim 1 

The subject matter claimed in independent claim 1 is an isolated nucleic 
acid encoding a taste transduction G-protein coupled receptor. The receptor comprises an 
amino acid sequence having at least 80% identity to SEQ ID N0:1, SEQ ID N0:2, or 
SEQ ID N0:3, and binds to glutamate, which induces GPCR activity. 

Claim 4 

The subject matter claimed in dependent claim 4 is the isolated nucleic 
acid of claim 1, which encodes a receptor comprising the amino acid sequence of SEQ ID 
N0:1, SEQ ID N0:2, or SEQ ID N0:3. 

Claim 5 

The subject matter claimed in dependent claim 5 is the isolated nucleic 
acid of claim 1, which comprises a nucleotide sequence of SEQ ID N0:4, SEQ ID N0:5, 
or SEQ ID N0:6 

Claim 6 

The subject matter claimed in dependent claim 6 is the isolated nucleic 
acid of claim 1, which is from a human, a mouse, or a rat. 

Claim 8 

The subject matter claimed in dependent claim 8 is the isolated nucleic 
acid of claim 1, which encodes a receptor having a molecular weight of about between 94 
kDato about 102 kDa. 

Claim 34 

The subject matter claimed in dependent claim 34 is an expression vector 
comprising the isolated nucleic acid of claim 1. 
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Claim 35 

The subject matter claimed in dependent claim 35 is a host cell transfected 
with the expression vector of claim 34. 

Claim 61 

The subject matter claimed in independent claim 61 is a method of making 
a taste transduction G-protein coupled receptor. The method comprises the step of 
expressing the receptor from a recombinant expression vector comprising a nucleic acid 
encoding the receptor, wherein the receptor comprises an amino acid sequence having at 
least 80% sequence identity to SEQ ID N0:1, SEQ E) N0:2, or SEQ ID N0:3, and binds 
glutamate, which induces GPCR activity. 

Claim 62 

The subject matter claimed in independent claim 62 is a method of making 
a recombinant cell comprising a taste transduction G-protein coupled receptor. The 
method comprising the step of transducing the cell with an expression vector comprising 
a nucleic acid encoding the receptor, wherein the receptor comprises an amino acid 
sequence having at least 80% sequence identity to SEQ ID N0:1, SEQ ID N0:2, or SEQ 
ID N0:3, and wherein the receptor binds glutamate, which induces GPCR activity. 

Claim 63 

The subject matter claimed in independent claim 63 is a method of making 
an recombinant expression vector comprising a nucleic acid encoding a taste transduction 
G-protein coupled receptor. The method comprises the step of ligating to an expression 
vector a nucleic acid encoding the receptor, wherein the receptor comprises an amino 
acid sequence having at least 80% sequence identity to SEQ ID N0:1, SEQ ID N0:2, or 
SEQ ID N0:3, and wherein the receptor binds glutamate, which induces GPCR activity. 
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Claim 64 

The subject matter claimed in dependent claim 64 is the isolated nucleic 
acid of claim 1, wherein the receptor comprises an amino acid sequence having at least 
90% sequence identity to SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:3. 

Claim 65 

The subject matter claimed in dependent claim 65 is the method of claim 

61, wherein the receptor comprises an amino acid sequence having at least 90% sequence 
identity to SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:3. 

Claim 66 

The subject matter claimed in dependent claim 66 is the method of claim 

62, wherein the receptor comprises an amino acid sequence having at least 90% sequence 
identity to SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:3. 

Claim 67 

The subject matter claimed in dependent claim 67 is the method of claim 

63, wherein the receptor comprises an amino acid sequence having at least 90% sequence 
identity to SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:3. 

VL GROUNDS OF REJECTION TO BE REVIEWED AND APPEALED 

1. The rejection for lack of utility is improper because the present 
invention meets the statutory requirement and because the Examiner has not properly 
established that the asserted utilities are not credible, specific, and substantial. 

2. The rejection for lack of enablement is improper because the present 
invention does not lack utility. 

3. The rejection for lack of written description is improper because the 
claimed invention is adequately described under 35 U.S.C. §1 12, first paragraph. 
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VII* ARGUMENT 

A. The Reiection for Lack of Utility Is Improper 

Claims 1, 4-6, 8, 34, 35, and 61-67 stand rejected under 35 U.S.C. §101 
because the Examiner alleges that the claimed invention lacks either a well-established 
utility or a credible specific and substantial asserted utility. Appellant respectfully 
traverses this rejection and argues that the rejection is improper. 

1. Standard to Assess Utility 

According to MPEP §2107, the Examiner should review the claims and 
the supporting written description to determine whether the utility requirement under 35 
U.S.C. §101 is met. No rejection based on lack of utility should be made if an invention 
has a well-established utility, z.e., a utility that will be immediately appreciated by one of 
ordinary skill in the art based on the characteristics of the invention, regardless any such 
utility has been asserted. Neither should any rejection be made for lack of utility if an 
applicant has asserted a specific and substantial utihty that would be considered credible 
by one of ordinary skill in the art. 

In most cases, an applicant's assertion of utility creates a presumption of 
utility that will be sufficient to satisfy the utihty requirement of 35 U.S.C. §101. MPEP 
§2107.02 III A. The Court of Customs and Patent Appeals stated in In re Langer: 

As a matter of Patent Office practice, a specification 
which contains a disclosure of utility which corresponds in 
scope to the subject matter sought to be patented must be 
taken as sufficient to satisfy the utility requirement of 
§101 for the entire claimed subject matter unless there is 
a reason for one skilled in the art to question the 
objective truth of the statement of utility or its scope. 

In re Langer, 183 USPQ 288, 297 (CCPA, 1974, emphasis in original). To overcome the 
presumption of sufficient utility as asserted by an applicant, the Examiner must carry the 
initial burden to make a prima facie showing of lack of utility and provide a sufficient 
evidentiary basis for the conclusion. In other words, the Examiner "must do more than 
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merely question operability"[he] must set forth factual reasons which would lead one 
skilled in the art to question objective truth of the statement of operability." In re 
Gaubert, 187 USPQ 664, 666 (CCPA 1975). 

MPEP §2107.02 IV further states, a detailed explanation should be given 
for a utility rejection as to why the claimed invention has no specific and substantial 
asserted utility. Documentary evidence should be provided when possible. Otherwise 
the Examiner should specifically explain the scientific basis for his factual conclusions. 

Moreover, the MPEP states that once the examiner presents a prima facie 
case of unpatentability for lack of utility, the burden of coming forth with evidence or 
arguments shifts to the applicant. After evidence or argument is submitted by the 
applicant in response, patentability is determined on the totality of the record and by a 
preponderance of evidence with due consideration to persuasiveness of argument. 'Tf the 
record as a whole would make it more likely than not that the asserted utility for the 
claimed invention would be considered credible by a person of ordinary skill in the art, 
the Office cannot maintain the rejection." MPEP §2107.02 VI. 

2. The Asserted Utility and the Examiner's Rejection 

The present invention relates to the identification of G-protein coupled 
receptor (GPCR) B3, a GPCR expressed specifically in taste cells. It is asserted in the 
specification that this taste cell specific GPCR is a component of the taste signal 
transduction pathway and is capable of, via its interaction with a G-protein, mediating 
taste (such as sweet, bitter, unami, etc) perception. See, e.g., page 3, lines 7-10; page 3, 
line 31, to page 4, line 2; and page 9, lines 30-33, of the specification. It is further 
asserted that GPCR-B3 polypeptides or the encoding nucleic acids can be used, for 
example, as probes to identify taste cells, to generate taste topographic map, and to 
provide a screening method for compounds that can modulate taste signaling and are 
therefore useful in the food and pharmaceutical industries. See, e.g., page 8, line 16, to 
page 9, line 10, of the specification. 
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In addition, Appellant previously submitted Dr. Zuker's declaration under 
37 C.F.R. §1.132 (along with Appellant's response of September 16, 2002). In this 
declaration, Dr. Zuker attests that given the structure and expression pattern of GPCR- 
B3, as well as the results of a functional assay using a chimeric GPCR construct, one of 
skill in the art would readily recognize, at the time this appUcation was filed, the 
immediately available of use of the claimed GPCR-B3 polynucleotides or polypeptides, 
e.g., for identifying modulators of taste signal transduction. It is therefore established 
that an ordinarily skilled artisan would find the asserted utihty specific, substantial, and 
credible. 

In the November 22, 2002, final Office Action, the Examiner took the 
position that the GPRC-B3 polypeptide lacks substantial utility, or a "real world" use, 
because the polypeptide is not described as to be involved in any particular aspect of the 
taste perception. In response. Appellant cited in the response of October 23, 2003, the 
reference by Nelson et al (previously made of record as reference BE in the IDS filed 
September 16, 2002), which shows that GPCR-B3 (also known as TlRl), forming a 
heterodimeric GPCR with T1R3 and funcfioning as an L-amino acid taste receptor, is 
indeed involved in a definitive aspect of the taste percepfion. In the June 28, 2004, 
Office Action and the December 9, 2004, final Office Action, however, the Examiner 
continued to disagree with Appellant's position that the Nelson et al reference supports a 
finding of patentable utility, stating that since the presence of GPCR-B3 in this 
heterodimeric receptor is described only in this reference but not in the present 
specification, one of skill in the art would not recognize or believe such use of GPCR-B3 
after reading the specification. 

3. The Examiner Has Raised and Maintained the Utility Rejection in a Manner 
Inconsistent with the MPEP 

Appellant has asserted a specific and substantial utility in the specification 
and submitted Dr. Zuker's declaration to demonstrate that this asserted utility is credible 
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to one of skill in the art. In contrast, the Examiner has not provided any evidence or 
objective reason to overcome the presumed patentable utility. The Nelson et al reference 
was provided merely as an example of confirmed involvement of GPCR-B3 in taste 
signaling. On the other hand, it is possible that GPCR-B3 can act alone or in complex 
with other proteins including other GPCRs to mediate taste signal transduction. The 
Nelson reference was not cited by any means to indicate or suggest that GPCR-B3's sole 
involvement in taste perception is via complexing with T1R3 to form a heterodimer. 
This reference was cited to demonstrate the credibility of the asserted utility that GPCR- 
B3 is involved in taste signaling and is therefore useful in, e.g., screening methods for 
identifying taste-modulating compounds. Thus, whether or not the specification 
describes this particular heterodimer of GPCR-B3 and T1R3 is not directly relevant to 
whether one of skill in the art would find the asserted utility credible. Li fact, the notion 
that one of skill in the art would, at the time this application was filed, find the asserted 
utility (which is not limited to the heterodimer of GPCR-B3 and T1R3) credible has 
aheady been established by Dr. Zuker's declaration and not yet rebutted by the Examiner. 

Raising and maintaining a rejection for lack of utility in such a manner is 
inconsistent with the proper practice described in the MPEP, which places the initial 
burden on the Examiner, not Appellant, to provide evidence to support a factual 
conclusion of the credibility of an asserted utility. In fact, MPEP §2107.02 IILB. 
specifically cautions Office personnel that, once an assertion of a particular utility is 

made, '*that assertion cannot simply be dismissed as *wrong,' even when there may 

be reason to beUeve the assertion is not entirely accurate." Instead, the Examiner must 
provide an explanation setting forth the reasoning used in concluding that the asserted 
specific and substantial utility is not credible; support for factual findings relied upon in 
reaching the conclusion; and an evaluation of all relevant evidence of record, including 
utilities taught in the closest prior art. MPEP §2107.02 IV. Furthermore, it is stated in 
MPEP §2107.02 VI that, after the Examiner has provided evidence or objective reasons 
to question the credibility of an asserted utility, and the applicant has further responded 
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with evidence or argument, "patentability is determined on the totality of the record, by a 
preponderance of evidence with due consideration to persuasiveness of argument." A 
utility rejection cannot be properly maintained if the record as a whole indicates it is 
more Ukely than not that one of skill in the art would consider the asserted utility 
credible. 

Li the present case, Appellant has responded to the Examiner's questioning 
of the asserted utility by offering Dr. Zuker's declaration, which establishes that one of 
skill in the art would reasonably believe the asserted utility, as well as the Nelson et al 
reference, which provides an example of GPCR-B3's involvement in taste signaling; on 
the other hand, the Examiner has offered no evidence or objective reasons why the 
asserted utiUty is not credible. Appellant thus submits that when considered together, the 
record favors a holding of sufficient credibility in the asserted utility. 

4, Summary 

Appellant do not believe that the Examiner has adhered to the proper 
standards for assessing utility as described in the MPEP. The utility rejection is therefore 
improper and should be withdrawn. 

B. The Rejection for Inadequate Enablement Based on Utility Is hnproper 

The Examiner has also maintained the rejection of claims 1, 4-6, 34, 35, 
and 61-67 on enablement ground, alleging that the claimed invention is not supported by 
either a credible specific and substantial asserted utility or a well-established utility. As 
discussed above, the claimed invention has a credible specific and substantial utility. 
Appellant therefore believes that the enablement rejection under 35 U.S.C. §112, first 
paragraph, is improper and should be withdrawn. 

C. The Rejection for Inadequate Written Description Is Improper 

The Examiner has fiorther rejected claims 1, 6, 34, 35, and 61-67 under 35 
U.S.C. §112, first paragraph, alleging that the claimed invention is not described in the 
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Specification in such a way as to reasonably convey to one skilled in the relevant art that 
the inventor, at the time the appUcation was filed, had possession of the claimed 
invention. 

As will be discussed in detail below, the claimed invention as described in 
the present appHcation fully complies with the requirement for written description as set 
forth by the MPEP and prevailing case law. Appellant thus submits that the written 
description rejection is improper and should be withdrawn. 

L Standard for Written Description 

According to the MPEP, to satisfy the written description requirement, a 
patent specification must describe the claimed invention in sufficient detail such that one 
skilled in the art can reasonably conclude that the inventor had possession of the claimed 
invention. Possession of a claimed invention may be demonstrated by description of the 
invention with all . of its limitations using such descriptive means as words, structures, 
figures, diagrams, and formulas that fully set forth the claimed invention. MPEP §2163 1. 
Moreover, a strong presumption exists with regard to originally filed claims that an 
adequate written description of the claimed invention is present when the application is 
filed. MPEP §2163 LA. 

Case law indicates that structural features of a claimed invention are 
important for satisfying the written description requirement. The Federal Circuit in Fiers 
V. Revel 25 USPQ2d 1601 (Fed. Cir. 1993), stated that an adequate written description 
"requires a precise definifion, such as by structure, formula, chemical name, or physical 
properties." Fiers, 25 USPQ2d at 1606. The requirement for written description of a 
chemical genus is further set forth in University of California v. Eli Lilly & Co., 43 
USPQ2d 1398 (Fed. Cir. 1997). As described by the Federal Circuit in Lilly, "[a] 
description of a genus of cDNAs may be achieved by means of ... a recitation of 
structural features common to the members of the genus . . . Lilly, 43 USPQ2d at 
1406. 



Application No. 09/361,652 
Appeal brief dated July 13, 2005 
Page 13 



PATENT 



Moreover, proper description of functional features of a claimed invention 
can also satisfy the written description requirement. In Enzo Biochem, Inc. v. Gen-Probe 
Incorporated, 63 USPQ2d 1609 (Fed. Cir. 2002), the claimed polynucleotide sequences 
in the patent in question are defined based on their ability to differentially hybridize to 
reference polynucleotide sequences from deposited bacteria N. gonorrhoeae and A^. 
meningitidis. The Federal Circuit held that this hybridization function-based description 
may, in some cases, satisfy the written description requirement because of "a 
complementary structural relationship" between the claimed sequences and the reference 
sequences. Enzo, 63 USPQ2d at 1616. The Federal Circuit further stated that "'Lilly did 
not hold that all functional descriptions of genetic material necessarily fail as a matter of 
law to meet the written description requirement; rather, the requirement may be satisfied 
if in the knowledge of the art the disclosed function is sufficiently correlated to a 
particular, known structure." Amgen Inc. v. Hoechst Marion Roussel Inc., 65 USPQ2d 
1385, 1398 (Fed. Cir. 2003). 

2. The Claimed Invention Is Defined by Its Structural and Functional Features 
The present invention relates to the identification of nucleic acids 
encoding a novel G-protein coupled receptor, GPCR-B3. It is Appellant's intent to 
include in the claim scope nucleic acids encoding allelic variants and man-made muteins 
that retain the polypeptide's normal function. For example, the specification states that 
polymorphic variants of rat GPCR-B3 (SEQ ID N0:1) are a part of the invention and 
provides three substitution variants, e.g., isoleucine substituted by leucine at position 33, 
aspartic acid substituted by glutamic acid at position 84, and glycine substituted by 
alanine at position 90 (page 10, lines 11-16, of the specification). The claimed nucleic 
acids are defined by their shared structural features, i.e., they encode polypeptides with at 
least 80% amino acid sequence identity to the sequence disclosed in SEQ ID N0:1, SEQ 
IDN0:2, or SEQIDN0:3. 



t 
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Percent amino acid sequence identity of a polypeptide to a reference 
amino acid sequence is a structural property of the polypeptide, because such percent 
identity relies entirely upon the polypeptide's amino acid sequence. This structural 
attribute of the polypeptide is in turn a structural attribute of the nucleic acid encoding the 
polypeptide, since the amino acid sequence is determined by the polynucleotide sequence 
of an encoding nucleic acid. Moreover, the recitation of an amino acid sequence identity 
makes identification of the polypeptides and thus the claimed nucleic acids easily 
accomplished by one of skill in the art. Algorithms for determining percent sequence 
identity and sequence similarity for the identification of polypeptides and their coding 
polynucleotide sequences are well known to those of skill in molecular biology and are 
described in the present specification on pages 19 to 22. The present claims can be 
analogized with Fiers, Lilly, and Enzo in that they all relate to genetic material. The 
description of the claimed nucleic acids relies on a percentage sequence identity to a 
reference sequence and thus establishes a structural feature in a manner even more direct 
than that in the Enzo case. 

The claimed nucleic acids are also defined by shared functional features, 
i.e., they encode polypeptides that are G-protein coupled receptors and bind to glutamate, 
which induces the GPCR activity. The specification provides functional assays for 
identifying the polypeptides with such functional features. On page 41, line 27, to page 
47, line 10, for instance, the specification teaches isolating a putative GPCR-B3 
polypeptide or expressing the polypeptide in a cell, and examining whether the 
polypeptide is a GPCR protein demonstrating the characteristic GPCR activity, 
particularly upon binding to a ligand (e.g., glutamate). These assays are used to confirm 
that a putative GPCR-B3 polypeptide is actually a GPCR polypeptide within the claim 
scope by examining the polypeptide's physical or chemical effects. The specification 
further teaches that to demonstrate the GPCR activity, a candidate polypeptide, either 
naturally occurring or recombinantly produced, can be studied in vivo or in vitro, when 
the polypeptide is isolated, expressed in a cell, expressed in a membrane derived from a 
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cell, or expressed in a tissue or in an animal (page 42, lines 13-24). These assays thus 
allow one skilled in the art to identify the claimed nucleic acids based on the functional 
attributes of the polypeptides they encode. 

Thus, both structural and functional features commonly shared by all 
members of the claimed genus of GPCR-B3 nucleic acids have been described in detail, 
which "clearly allow persons of ordinary skill in the art to recognize that [the applicant] 
invented what is claimed." Vas-Cath Inc. v. Mahurkar, 19 USPQ2d 1111,1116 (Fed. 
Cir. 1991). This description of the claimed invention is consistent with the holdings of 
Lilly, EnzOy and Amgen, 

In sustaining the claim rejection for alleged inadequate written description, 
the Examiner contended that the specification does not provide a correlation between any 
particular structure of the GPCR-B3 polypeptide encoded by the claimed nucleic acid and 
any particular function (the paragraph bridging pages 4-5 of the December 9, 2004, Final 
Office Action). In fact, the Examiner insisted that reciting a percent sequence identity to 
a reference sequence does not provide a particular structure at all (first full paragraph on 
page 5 of the Final Office Action). Appellant cannot agree. As discussed above, 
sequence similarity is a structural feature of a polypeptide and its coding polynucleotide 
sequence. At the time this application was filed. Appellant clearly had possession of 
three naturally occurring GPCR-B3 amino acid sequences from rat, mouse, and human 
(SEQ ID N0:1, SEQ ID N0:2, and SEQ ID N0:3, respectively). By sequence alignment 
and analysis using methods well known to those of skill in the art or methods taught in 
the present disclosure, an artisan would be able to determine whether certain amino acid 
residues in these proteins are likely to be critical for functionality, depending on whether 
they are conserved among the three GPCR proteins as well as other know GPCR protein. 
Based on this determination, an artisan would be able to readily derive a large number of 
amino acid sequences (and their coding polynucleotide sequences) as putative GPCR-B3 
polypeptides, which can then be examined for the required functionality. When these 
factors are considered, Appellant contend that the three exemplary GPCR-B3 polypeptide 
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sequences do not merely represent the common structural feature but together also 
provide a reasonably degree of sequence variation in the common structural feature, 
which is directly tied to the GPCR activity. 

3. Summary 



Appellant beUeves that the written description rejection under 35 U.S. C. 



§1 12 is improper and should be withdrawn. 



In view of the foregoing. Appellant beheves all claims now pending in this 



Application are in condition for allowance. 



TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8^^ Floor 
San Francisco, Califomia 94111-3834 
Tel: 415-576-0200 
Fax:415-576-0300 
CG:cg 



VIII. CONCLUSION 



Respectfully submitted. 




Chuan Gao 
Reg. No. 54,111 
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IX. CLAIMS APPENDIX 

1. An isolated nucleic acid encoding a taste transduction G-protein 
coupled receptor, wherein the receptor comprises an amino acid sequence having at least 
80% identity to SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:3, and wherein the receptor 
binds to glutamate, which induces GPCR activity. 

4. The isolated nucleic acid of claim 1, wherein the nucleic acid 
encodes ia receptor comprising an amino acid sequence of SEQ ID N0:1, SEQ ID N0:2, 
orSEQIDNO:3. 

5. The isolated nucleic acid sequence of claim 1, wherein the nucleic 
acid comprises a nucleotide sequence of SEQ ID N0:4, SEQ ID N0:5, or SEQ ID N0:6. 

6. The isolated nucleic acid of claim 1, wherein the nucleic acid is 
from a human, a mouse, or a rat. 

8. The isolated nucleic acid of claim 1, wherein the nucleic acid 
encodes a receptor having a molecular weight of about between 92 kDa to about 102 
kDa. 

34. An expression vector comprising the nucleic acid of claim 1 . 

35. A host cell transfected with the vector of claim 34. 

61. A method of making a taste transduction G-protein coupled 
receptor, the method comprising the step of expressing the receptor from a recombinant 
expression vector comprising a nucleic acid encoding the receptor, wherein the receptor 
comprises an amino acid sequence having at least 80% sequence identity to SEQ ID 
N0:1, SEQ ID N0:2, or SEQ ID N0:3, and wherein the receptor binds glutamate, which 
induces GPCR activity. 
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62. A method of making a recombinant cell comprising a taste 
transduction G-protein coupled receptor, the method comprising the step of transducing 
the cell with an expression vector comprising a nucleic acid encoding the receptor, 
wherein the receptor comprises an amino acid sequence having at least 80% sequence 
identity to SEQ ID NO: 1 , SEQ ID N0:2, or SEQ ID N0:3, and wherein the receptor 
binds glutamate, which induces GPCR activity. 

63. A method of making an recombinant expression vector comprising 
a nucleic acid encoding a taste transduction G-protein coupled receptor, the method 
comprising the step of ligating to an expression vector a nucleic acid encoding the 
receptor, wherein the receptor comprises an amino acid sequence having at least 80% 
sequence identity to SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:3, and wherein the 
receptor binds glutamate, which induces GPCR activity. 

64. The nucleic acid of claim 1, wherein the receptor comprises an 
amino acid sequence have at least 90% sequence identity to SEQ ID N0:1, SEQ E) 
N0:2, or SEQIDN0:3. 

65. The method of claim 61, wherein the receptor comprises an amino 
acid sequence have at least 90% sequence identity to SEQ ID N0:1, SEQ ID N0:2, or 
SEQ ID N0:3. 

66. The method of claim 62, wherein the receptor comprises an amino 
acid sequence have at least 90% sequence identity to SEQ ID N0;1, SEQ ID NO: 2, or 
SEQ ID N0:3. 



67. 

acid sequence have at 
SEQIDN0:3. 



The method of claim 63, wherein the receptor comprises an amino 
least 90% sequence identity to SEQ ID N0:1, SEQ ID N0:2, or 



Application No. 09/361,652 
Appeal brief dated July 13, 2005 
Page 19 



PATENT 



X. EVIDENCE APPENDIX 

1 . Declaration under 37 C.F.R. § 1 . 1 32 by Dr. Charles Zuker. Submitted September 1 6, 
2004 



2. Nelson et al. Nature, advance online publication, Feb. 24, 2002 (DOI 
10.1038/nature726). Submitted as reference BE in IDS filed September 16, 2004. 



I hereby certify that this correspondence is being deposited with the United 
States Postal Service as Express Mail Label No. EL 95 1985842 US in an 
envelope addressed to: 



PATEhfT 

Attorney Docket No.: 02307E-088610 
Client Ref. No. UC 98-306-2 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

On S eptembe r 16, 2002 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I, Charles Zuker, Ph.D., being duly wamed that willful false statements 
and the like are punishable by fine or imprisonment or both (18 U.S.C. § 1001), and may 
jeopardize the validity of the patent application or any patent issuing thereon, state and 
declare as follows: 



1 . All statements herein made of my own knowledge are true, and 
statements made on information or belief are believed to be true and correct. 



Zuker et ai PATENT 
Application No.: 09/361,652 " 
Page 2 

2. I received my Ph.D. from Massachusetts Institute of Technology. I 
am currently a Professor and Investigator, Howard Hughes Medical Institute, 
Departments of Biology and Neurosciences, School of Medicine, University of California 
at San Diego. I have been in this position since 1986. See resume, Exhibit A. 

4. The above-referenced patent application claims isolated nucleic 
acids encoding GPCR-B3, also known as TlRl, a taste bud specific G protein coupled 
receptor involved in taste transduction. , 

5. I am an inventor of the above-referenced patent application. I have 
read and am familiar with the contents of the patent application. In addition, I have read 
the Office Action, mailed August 12, 2001, received in the present case. It is my 
understanding that the Examiner believes that this invention is supported by neither a 
specific, substantial, and credible asserted utility nor a well established utility as required 
by the United States Patent Laws. 

6, This declaration is provided to demonstrate that, at the time the 
application was filed, one of skill in the art would recognize the utility of the present 
invention and would appreciate its real world context. 

7, The present application discloses that the claimed nucleic acid, a 
fiiU length cDNA, encodes a G protein coupled receptor ("GPCR") that is specifically 
expressed in taste buds of the tongue, and provides data demonstrating that the claimed 
protein is a functional G-protein coupled receptor. The present invention is therefore 
useful, e.g., for screening for taste modulators of a taste bud cell specific GPCR, for the 
identification of GPCR-B3 taste ligands, and as a specific marker for specialized taste 
bud cells of the tongue. 
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8. As described in the present specification, full length cDNAs that 
encode a taste cell-specific nucleic acids were cloned. Sequence analysis of the GPCR- 
B3 clone showed that it had the structure of a G-protein coupled receptor, with an 
extracellular domain, seven transmembrane domains, and a cytoplasmic domain {see, 
e.g.. Example I, page 56-57). Subsequently, protein expression patterns were determined 
for GPCR-B3 using in situ analysis {see, e.g.. Example II, page 58, and Figure 3). Figure 
3 shows that the claimed nucleic acids express proteins that are specifically expressed in 
taste buds of the tongue. 

9. Furthermore, the specification provides experimental data 
demonstrating that GPCR-B3 is a fimctional G-protein coupled receptor. Figure 4 shows 
the structure of a chimeric protein, comprising an extracellular domain of a murine 
MGluRl receptor fiised to the seven transmembrane domains and cytoplasmic domains 
of GPCR-B3, This chimeric GPCR construct was trans fected into HEK cells, which 
were then stimulated with glutamate, the MGluRl ligand. The HEK cells demonstrated 
an increase in intracellular calcium in response to the ligand, indicating that the chimeric 
GPCR couples to a promiscuous G protein and triggers calcium responses that are 
detectable using the indicator fura-2. The presently claimed GPCR-B3 nucleic acids 
therefore encode a G protein coupled receptor that is specifically expressed in fungiform 
and foliate cells of the tongue, which are taste bud cells, as described in the specification. 

10. It would be apparent to anyone of skill in the art that GPCR-B3 is 
an excellent target for candidate compounds that modulate taste transduction. This use is 
not merely a "starting point for further research and investigation," but a direct assay for 
taste ligands and modulators of taste signal transduction. Furthermore, the claimed 
nucleic acids are specifically expressed in a unique subset of tongue cells, and the 
encoded proteins localize to the taste pore- the subcellular location for taste receptors. As 
such, they have specific and substantial utility as markers for specialized taste cells of the 
tongue. Such markers are useful for the generation of taste topographic maps the 
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elucidate the relationship between taste bud cells of the tongue and taste sensory neurons 
leading to taste centers in the brain. Applicants have therefore provided a nucleic acid 
that encodes a protein with known signaling activity and specific expression in a 
specialized sub-set of cells. 



in the art, at the time the application was filed, would immediately recognize the real 
world utility of the nucleic acids of this invention. Therefore, this invention is supported 
by a specific, substantial, and credible utility. 



11. In view of the foregoing, it is my scientific opinion that one of skill 



Date: 



By: 




t 



Charles Zuker, Ph.D. 



SF 1384058 v1 



CURRICULUM VITAE 



NAME: CHARLES ZUKER 

TITLE: Professor 

DATE OF BIRTH: June 27, 1957; Arica, Chile 

CITIZENSHIP: United States (May 3, 1996) 

ADDRESS: Division of Biological Sciences and 

Dept. of Neurosciences, The School of Medicine 
University of California, San Diego 
9500 Oilman Drive 
LaJoUa, CA 92093-0649 

TELEPHONE NUMBER: (619) 534-5528 
FAX NUMBER: (619) 534-8510 

INTERNET ADDRESS: czuker@ucsd.edu 

EDUCATION 

INSTITUTION DEGREE YEAR FIELD 

CONFERRED OF STUDY 

Universidad Catolica de Valparaiso; Chile B.Sc, Honors 1977 Biology 

Massachusetts Inst, of Technology; Boston Ph.D. 1983 Biology 

RESEARCH AND/OR PROFESSIONAL EXPERIENCE 

1993 - present Professor and Investigator; Howard Hughes Medical Institute 

Departments of Biology and Neurosciences, School of Medicine 
University of California, San Diego 
Associate Professor and Associate Investigator 
Howard Hughes Medical Institute, UCSD 
Assistant Professor; Department of Biology, UCSD 
Postdoctoral Fellow; Department of Biochemistry; 
University of California, Berkeley 

Graduate Student; Department of Biology; Massachusetts Institute 
of Technology 

Honors and Keynote Lectures (selected) 

Whitaker Health Sciences Fund Fellow, Massachusetts Inst, of Technology, 1979-1980 

Whitaker Health Sciences Fund Fellow, Massachusetts Inst, of Technology, 1981-1982 

European Molecular Biology Organization Fellow, 1983 

Jane Coffin Childs Memorial Fund for Medical Research Fellow, 1984-1986 

McKnight Foundation Fund for Neuroscience Award, 1988-1991 

Monsanto Speaker, St. Louis University, St Louis, MO, 1991 

Broadhurst Foundation visiting lecturer, Cambridge, MA, 1991 

Institute Speaker, Scripps Research Institute, La JoUa, CA, 1992 

Keynote speaker, Stanford Neurosciences Program Retreat, Monterey, CA,1992 

Pew Scholars Award, 1988-1992 

Alfred P. Sloan Award in Neurosciences, 1988-1990 

March of Dimes Basil O'Connor Award, 1989-1991 

Merck Lecturer, UC Berkeley 1992 

Institute speaker, Roche Institute of Molecular Biology, Nutley, NJ, 1993 

Keynote Speaker, Pharmacological Sciences Program, Vanderbilt University, Nashville, TN, 1994 
Keynote Speaker, Stanford Medical Scientist Training Program, Stanford University CA, 1994 
Lecturer in the Life Sciences, Northwestern University Medical School, Chicago, IL 1994 

Charles S, Zuker, 1998 
Page 1 



1989 - 


1992 


1986 - 


1989 


1983 - 


1986 


1977 - 


1983 



Howard Hughes Medical Institute, Lecture series to Institute employees, Howard Hughes Medical 

Institute, Chevy Chase, MD, 1996 
Keynote Speaker, FASEB Summer Conference on "The Biology and Chemistry of Vision", 

Keystone, CO, 1997 

Keynote Speaker, U. Penn Graduate programs in Biochemistry, Molecular Biology and 

Pharmacology. Philadelphia, 1998 
Cogan Award, Association for Research in Vision and Ophthalmology, 1998 
University Lecturer, UT Southwestern Medical School, 1999 
Alcon Award for outstanding contributions to vision research, 1999 
American Academy of Arts and Sciences, 2000 

Study Sections and Advisory Boards (selected): 

Member, Scientific Advisory Board, Pew Latin American Scholars Program, 1990 - present 
Mechanisms of Development, 1991 -present 
Neuron, 1995-present 

Member, American Cancer Society Postdoctoral Research Selection Committee, 1995-1999 
Member, Scientific Advisory Board, Schepens Research Institute, Harvard University, Cambridge, MA, 
1995 - present 

Member, Review Panel, Howard Hughes Medical Institute International Grants Program, 1996 
Member, National Research Council/ National Academy of Sciences advisory committee for the US 

and HHMI program in Latin America, 1997- 
National Advisory Conmiittee of The Pew Scholars Program in the Biomedical Sciences, 1997- 
Member, NIH Visual Sciences C study section, Bethesda, MD, 1997-2000 
Member, NIDCD Strategic Planning committee 1999- 

Damon Runyon-Walter Winchell Cancer Fund Scientific Advisory Committee, 1999- 
Current Biology, 2000- 

Steering Committee, Alliance for Cellular Signaling, 2000- 
Advisory board. Pew program in Science and Society, 2001- 
Advisory board, NIH-wide initiative on mouse mutagenesis, 2001- 



Charles S. Zuker, 1998 cv 
Page 2 of 



Publications (selected) : 

, Zuker, C, D, Mismer, R. Hardy and G. Rubin (1988). Ectopic expression of a minor Drosophila 

opsin in the major photoreceptor cell class. Cell 55: 475-482. 
Feiler, R., W. Harris, K. Kirschfeld, C. Wehrhahn and C. Zuker (1988). Targeted misexpression of a 

Drosophila opsin gene leads to altered visual function. Nature 333: 737-741. 
Shieh, B.-H., M. A. Stamnes, S. Seavello, G. Harris and C. Zuker (1989). The nina A gene required 

for visual transduction in Drosophila, encodes a homologue of the cyclosporin A binding 

protein. Nature 338: 67-70. 
Schaeffer, E., D. Smith, G. Mardon, W. Quinn and C. Zuker (1989). Isolation and characterization of 

two new Drosophila protein kinase C genes, including one specifically expressed in 

photoreceptor cells. Cell 57: 403-412. 
Smith, D., B.-H. Shieh and C. Zuker. (1990). Isolation and structure of an arrestin gene from 

Drosophila, Proc. NatL Acad. Sci. (U.S.A.) 87: 1003-1007. 
Huber, A., D. P. Smith, C. S. Zuker, and R. Paulsen (1990). Opsin of Calliphora peripheral 

photoreceptors Rl-6: Homology with Drosophila Rhl and posttranslational processing. J. 

Biol. Chem. 265: 17906-17910. 
Stamnes, M. A. and C. S. Zuker (1990). Peptidyl-prolyl cis-trans isomerases, Cyclophilin, FK506 

binding protein, and ninaA: four of a kind. Curr Opinion Cell Biol 2: 1 104-1 107. 
Stamnes, M,A., B.-H. Shieh, L. Chuman, G. L. Harris and C. S. Zuker (1991). The cyclophilin 

homolog ninaA is a tissue-specific integral membrane protein required for the proper synthesis 

of a subset of Drosophila rhodopsins. Cell. 65: 219-227. 
Smith, D. P., M. A. Stamnes and C. S. Zuker (1991). Signal transduction in the visual system of 

Drosophila. Ann. Rev. Cell Biol. 7: 161-190. 
Ranganathan, R., W. A. Harris and C. S. Zuker (1991). The genetics of phototransduction. Trends in 

Neurosci. 14: 486-493. 

Colley, N. J., E. K. Baker, M. A. Stamnes and C. S. Zuker (1991). The cyclophilin homolog ninaA is 

required in the secretory pathway. Cell. 67: 255-263, 
Ranganathan, R., G. L, Harris, C. F, Stevens, and C. S. Zuker. (1991). A Drosophila mutant defective in 

extracellular calcium-dependent photoreceptor deactivation and rapid desensitization. Nature 

354: 230-232. 

Smith, D. P., R. Ranganathan, R. W. Hardy, J. Marx, T. Tsuchida, and C. S. Zuker (1991). 

Photoreceptor deactivation and retinal degeneration mediated by photoreceptor-specific protein 

kinase C. Science 254: 1478-1484. 
Cassill, J. A., M. Whitney, C. A. P. Joazeiro, A. Becker and C. S. Zuker (1991). Isolation of Drosophila 

genes encoding G protein-coupled receptor kinases. P. N. A. S., USA 88: 11067-11070. 
Ondek, B., R. W. Hardy, E. K, Baker, M, A. Stamnes, B. -H. Shieh and C. S. Zuker (1992). Genetic 

dissection of cyclophilin function: Saturation mutagenesis of the Drosophila cyclophilin 

homolog ninaA. J. Biol. Chem., 267:16460-16466. 



Charles S. Zuker, 1998 cv 
Page 3 of 



Feiler, R., R. Bjomson, K. Kirschfeld, D. Misnier,G. M. Rubin, D. P. Smith, M. Socolich and C. S. 

Zuker (1992). Ectopic expression of ultraviolet-rhodopsins in the blue photoreceptor cells of 
Drosophila: Visual physiology and photochemistry of transgenic animals. J. Neurosci., 
72:3862-3868. 

Stamnes, M.A., S.L. Rutherford and C. S. Zuker (1992). Cyclophilins, a new family of proteins 

involved in intracellular folding. Trends in Cell Biology, 2:272-276. 
Zuker, C.S. (1992). Phototransduction in Drosophila: A paradigm for the genetic dissection of 

sensory transduction cascades. Current Opinion in Neurobiology, 2:622-627. 
Britt, S.G., Feiler, R., Kirschfeld, K. and Zuker, C.S. 1993. Spectral tuning of rhodopsin and 

metarhodopsin in vivo. Neuron 77:29-39. 
Dolph, PJ., R. Ranganathan, N.J. CoUey, R.W. Hardy, M. Socolich, and C.S. Zuker (1993). Arrestin 

function in inactivation of G protein-coupled receptor rhodopsin in vivo. Science, 260:1910- 

1916. 

Dolph, P.J., H. Man-Son-Hing, S. Yarfitz, N.J. CoUey, J. Running Deer, M. Spencer, J.B. Hurley, and 

C.S. Zuker (1994). An eye-specific Gb subunit essential for termination of the 

phototransduction cascade.; Nature; 370: 59-61. 
Keman, M., D. Cowan and C. Zuker (1994). Genetic dissection of mechanosensory transduction: 

mechanoreception-defective mutations of drosophila. Neuron, 72: 1195-1206. 
Zuker, C.S. (1994). On the evolution of eyes: would you like it simple or compound?. Science; 

265: 742-743. 

Baker, E.B., N.J. CoUey, and C.S. Zuker (1994). The cyclophilin homolog ninaA functions as a 

chaperone forming a stable complex in vivo, with its protein target, rhodopsin. EMBO, 13: 
101-110. 

Ranganathan, R., B. Bacskai, R.Y. Tsien, and C.S. Zuker (1994). Cytosolic calcium transients: spatial 
localization and role in Drosophila photoreceptor cell function. Neuron; 13: 837-848. 

Rutherford, S. and C.S, Zuker (1994). Protein folding and the regulation of signaling pathways. Cell, 
79:1129-1132. 

Plangger, A., D. Malicki, M. Whitney and R. Paulsen (1994). Mechanism of Arrestin-2 function in 

rhabdomeric photoreceptors. J. Biol. Chem., 269:26969-26975. 
Shieh, B-H. and B. Niemeyer (1995). A novel protein encoded by the inaD gene regulates recovery 

of visual transduction in Drosophila. Neuron, 14:201-210. 
Wu, L., B. Niemeyer, N. Colley, M. Socolich and C.S. Zuker (1995). Regulation of PLC-mediated 

signalling in vivo by CDP-diacylglycerol synthase. Nature, 373:216-222. 
Colley, N.J., A. Cassill, E.K. Baker, and C.S. Zuker (1995). Defective intracellular transport is the 

molecular basis of rhodopsin-dependent dominant retinal degeneration. PNAS, 92:3070- 

3074. 

Ranganathan, R., D. Malicki and C.S. Zuker (1995). Signal transduction in Drosophila 
photoreceptors. Ann. Rev. of Neurosci.; 18:283-317. 

Charles S. Zuker, 1998 cv 
Page 4 of 



Ranganathan, R. and C.F. Stevens (1995). Arrestin binding determines the rate of inactivation of the 

g-protein-coupled receptor rhodopsion in vivo. Cell, 81:841-848. 
Zuker, C.S. (1995). Cell signalling - a taste of things to come. Nature, 376:22-23. 
Scott, K., A. Becker, Y. Sun, R. Hardy, and C. Zuker (1995). Gaq protein function in vivo: genetic 

dissection of its role in photoreceptor cell physiology. Neuron, 15:919-927. 
Keman, M. and C. Zuker (1995). Genetic approaches to mechanosensory transduction. Current 

Opinion in Neurobiology, 5:443-448. 
Zuker, C.S. (1996). The biology of vision in Drosophila. PNAS, 93: 571-575. 
Niemeyer, B.A., E. Suzuki, K. Scott, K. Jalink, and C.S. Zuker (1996). The Drosophila light-activated 

conductance is composed of the two channels TRP and TRPL. Cell, 85: 651-659. 
Corey, D.P. and C.S. Zuker (1996). Sensory systems, editorial overview. Current Opinion in 

Neurobiology, 6:437-439. 
Acharya, J.K., K. Jalink, R.W. Hardy, V. Hartenstein and C.S. Zuker (1997). InsP3 receptor is 

essential for growth and differentiation but not for vision in Drosophila. Neuron, 18: 881- 

887. 

Vinos, J., K. Jalink, R.W. Hardy, S.G. Britt and C.S. Zuker (1997). A G protein-coupled receptor 
phosphatase required for rhodopsin function. Science,277:687-690. 

Tsunoda, S., J. Sierralta, Y. Sun, R. Bodner, E. Suzuki, A. Becker, M. Socolich and C.S. Zuker (1997). 
A multivalent PDZ domain protein assembles signaling complexes in a G protein-coupled 
signaling cascade. Nature,388:243-25 1 . 

Scott, K. and C. Zuker (1997). Lights out: Deactivation' of the phototransduction cascade. Trends in 
Biochemical Sciences, 261:350-354. 

Scott, K., Y. Sun, K. Beckingham and C.S. Zuker (1997). Calmodulin regulation of Drosophila light- 
activated channels and receptor function mediates termination of the light response in vivo. 
Cell, 91:.375-383. 

Scott, K. and C. Zuker (1998). TRP, TRPL and trouble in photoreceptor cells. Current Opinion in. 

Neurobiology. 8(3):383-388. 
Acharya, J., P. Labarca, R. Delgado, K. Jalink and C.S. Zuker. (1998). Synaptic defects and 

compensatory regulation of inositol metabolism in inositol polyphosphate l-phosphataise 

mutants. Neuron, 20(6): 1219-1229. 
Tsunoda, S., J. Sierralta and C.S. Zuker (1998). Specificity in signaling pathways: assembly into 

multimolecular signaling complexes. Curr. Opin. in Gen. and Dev. 8: 419-422 
Scott, K., and C.S. Zuker (1998). Assembly of the Drosophila phototransduction machinery into a 

macromolecular complex shapes elementary responses. Nature, 395, 805-808 
Zuker, C and Ranganathan, R (1999). The Path to Specificty Science 283, 650-651 
Hoon MA, Adler E, Lindemeier J, Battey JF, Ryba NJ, Zuker CS (1999). Putative mammalian taste 

receptors: a class of taste-specific GPCRs with distinct topographic selectivity. Cell 96, 541-51 



Charles S. Zuker, 1998 cv 
Page 5 of 



Tsunoda, S., and C.S. Zuker (1999). The organization of INAD-signaling complexes by a 

multivalent PDZ domain protein in Drosophila photoreceptor cells ensures speed and 

specificity of signaling. Cell Calcium, 26/5:165-171. 
Walker, R.G., A.T. Willingham, C. Zuker (2000). A Drosophila mechanosensory transduction 

channel. Science .287:2229-2234 
Adler, E., M.A. Hoon, K,L. Mueller, J.Chandrashekar, NJ.P. Ryba and C.Zuker (2000). A novel 

family of mammalian taste receptors. Cell 100:693-702. 
Chandrashekar, J., K.L. Mueller, M.A. Hoon, E. Adler, L. Feng, W. Guo, C.S. Zuker and NJ.P. Ryba 

(2000). T2Rs function as bitter taste receptors. Cell 100:703-711. 
Kiselev, A., Socolich, M., Vino's, J., Hardy, R., Zuker, CS and Ranganathan, R.(2000). A Molecular 

Pathway for Light-Dependent Photoreceptor Apoptosis in Drosophila. Neuron, 28, 139-152. 
Sullivan KM, Scott K, Zuker CS, Rubin GM (2000) The ryanodine receptor is essential for larval 

development in Drosophila melanogaster.. Proc Natl Acad Sci USA. 97, 5942-7. 
Tsunoda S, Sun Y, Suzuki E, Zuker C (2001) Independent anchoring and assembly mechanisms of 

INAD signaling complexes in Drosophila photoreceptors. J Neurosci. 2001, 21: 150-8. 
Scott, K, Brady, R, Cravchik, A, Morozov, P, Rzhetsky, A, Zuker, C and Axel, R. (2001) 

Chemosensory gene family encoding candidate gustatory and olfactory receptors in 

Drosophila. Cell, 104, 661-731: 
Nelson G, Hoon MA, Chandrashekar J, Zhang Y, Ryba NJ, and Zuker CS. (2001). Mammalian sweet 

taste receptors. Cell, 106, 381-390 
Nelson G, Chandrashekar J, Hoon MA, Feng, L.., Zhao G, Ryba NJ, and Zuker CS. (2002). An 

Amino Acid Taste Receptor. Nature 416, 199-202 



Charles S. Zuker, 1998 cv 
Page 6 of 



advance online publication \f^9T^^9^]^^^'^^^ 



An amino-acid taste receptor 

Greg Nelson", Jayaram Ctiandrasfiekar% Matfc A. Hoonti Uucln Feng*^, 
Grace Zhao% Nicholas J. P. Rytiat & Charles S, Zuker" 

• Howard Hughes Medical Institute and Departments of Biology and 
Neurosdences, University of California at San Diego, La folia, California, 
92093-0649, USA 

t National Institute of Dental and Craniofacial Research, National Institutes of 
Health, Bethesda, Maryland 20892, USA 

The sense of taste provides animals vrith valuable information 
about the nature and quality of food Mammals can recognize and 
respond to a diverse repertoire of chemical entities, including 
sugars, salts, acids and a wide range of toxic substances'. Several 
amino adds taste sweet or delidous (umami) to humans, and are 
attractive to rodents and other animals'. This is noteworthy 
because L-amino acids function as the building blocks of pro- 
teins, as biosynthetic precursors of many biologically relevant 
small molecules, and as metabolic fuel. Thus, having a taste 
pathway dedicated to their detection probably had significant 
evolutionary implications. Here we identify and characterize a 
mammalian amino-acid taste receptor. This receptor, TlRl+3, is 
a heteromer of the taste-specific TlRl and T1R3 G-protein- 
coupled receptors. We demonstrate that TlRl andTlR3 combine 
to function as a broadly tuned L-amino-acid sensor responding to 
most of the 20 standard amino adds, but not to their D-enan- 
tiomers or other compounds. We also show that sequence 
differences in TIR receptors within and between species 
(human and mouse) can significantly influence the sdectivity 
and spedfidty of taste responses. 

TlRs and T2Rs are two families of G-protein-coupled receptors 
(GPCRs) selectivdy expressed in subsets of taste receptor cells*"*'. 
T2Rs are involved in bitter taste detection^**, and T1R2 and TIR3 
combine to function as a sweet taste receptor'. To identify taste 
receptors involved in amino-add detection, we used an expression 
screening strategy similar to that used in the characterization of 
bitter and sweet taste receptors. Candidate receptors were expressed 
in human embryonic kidney (H£K) cells containing the Gai^-Gcxz 
and Gttis promiscuous G proteins'^", and assayed for stimulus- 
evoked changes in intracellular caldum. In this system, receptor 
activation leads to activation of phospholipase CP (PLC-p) and 
rdease of caldum from internal stores, v^ch can be monitored at 
the single-cell level using calcium-indicator dyes'*'*". 

Because TIR taste receptors are distantly rdated to GPCRs that 
recognize the amino acids glutamate" (metabotropic glutamate 
receptors, mGluRs), GAB A** ('y-aminobutyric add; GABA-B recep- 
tors) and arginine" (the R5-24 receptor), we began by testing 
members of the TIR family. Patterns of TIR expression define at 
least three distinct cell types: cells co-expressing T1R2 and T1R3 
(T1R2+3. a sweet receptor), cells co-expressing TlRl and T1R3 
(TlRl+3) and cells expressing T1R3 alone'. First, we assayed 
responses of the T1R2+3 sweet taste receptor to all 20 standard 
and various D -amino acids. Several D-amino adds that taste sweet 
to humans, and are attractive to mice, trigger robust activation of 
the T1R2+3 sweet taste receptor (Fig. la, b). However, none of the 
tested L-amino acids activate this receptor. 

Mouse TlRl and T1R3 were transfected alone or in combination 
and tested for stimulation by L-amino acids. Individual receptors 
showed no responses. In contrast, TlRl and T1R3 combine to 
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function as a broadly tuned L-amino-acid receptor, with most 
amino acids that are perceived as sweet (for example, alanine, 
glutamine, serine, threonine and glycine*) activating TlRl +3 
(Fig. 1). The responses are strictly dependent on the combined 
presence of TlRl and T1R3, and are highly selective for L-amino 
acids; D-amino adds and other natural and artificial sweeteners did 
not activate the TlRl +3 receptor combination. These results sub- 
stantiate TlRl+3 as a receptor for L-amino acids, and provide a 
striking example of heteromeric GPCR receptors radically altering 
their selectivity by a combinatorial arrangement of subunits. 

If TlRl +3 functions as a major L-amino acid taste sensor in vivo, 
we might expect its cell-based behaviour to recapitulate some of the 
physiological properties of the in vivo receptor. Nerve recordings in 
rats have shown that taste responses to L-amino acids are consider- 
ably potentiated by purine nudeotides such as inosine monophos- 
phate (IMP)". To assay the effect of IMP, HEK ceUs expressing the 
TlRl+3 receptor combination were stimulated with amino acids in 
the presence or absence of IMP, Indeed, TlRl+3 responses to nearly 
all L-amino acids were dramatically enhanced by low doses of IMP 
(Figs 1 and 2a); this effect increased over a range of 0.1-lOmM 
(Fig. 2b). However, IMP alone elicited no response, even at the 
highest concentration tested in our assays, and it had no effect on 
responses mediated by T1R2+3 (either to sweeteners or to L- and D- 
amino acids; data not shown). 

TlRl+3 is prominently expressed in fungiform taste buds^ 
which are innervated by chorda tympani fibres. Therefore, we 
stimulated mouse fungiform papillae at the front of the tongue 
with various amino acids in the presence or absence of IMP, and 
recorded tastant-induced spikes from-the chorda tympani nerve. As 
expected, nerve responses to L-amino acids were significantly 
enhanced by IMP** (Fig. 3). However, IMP had no significant effect 
on responses to D-amino acids or to non-amino-acid stimuli. 

Genetic studies of sweet tasting have identified a single principal 
locus in mice influencing responses to several sweet substances (the 
Sac locus* '•^). Sac 'taster mice are about fivefold more sensitive to 
sucrose, saccharin and other sweeteners than Sac non-tasters. Sac 
codes for T1R3'""**'. There are two amino-acid differences that 
define taster and non-taster alleles^''****. One of these changes, I60T, 
introduces a potential glycosylation site that was proposed to 
diminate receptor function by preventing receptor dimerization"*. 
This poses a conundrum because responses to L-amino adds are not 
influenced by the Sac locus^*** (and data not shown). Thus, if T1R3 
functions as the common partner of the sweet and amino-acid 
receptors, we reasoned that the T1R3 non-taster allele must selec- 
tively aflfect the T1R2+3 combination. 

We examined the effect of the Sac nonrtaster allele on TlRl and 
T1R2 using biochemical and functional assays. First, we investigated 
receptor heteromerization by co-immunoprecipitating differen- 
tially tagged TIR receptors. In essence, HEK cells were co-trans- 
fected with taster and non-taster alleles of T1R3 and either 
haemagglutinin (HA)-tagged TlRl or T1R2. Receptor complexes 
were then immunoprecipitated with anti-HA antibodies, and the 
association with T1R3 assayed with anti-TlR3 antibodies. Other 
resuUs demonstrated that the non-taster form of TIR3, much like 
its taster counterpart, assembles into heteromeric receptors with 
TlRl and T1R2 (Fig. 4a). This argues against the possibility that the 
sweet taste deficits of Sac non-taster animals result from failure to 
assemble heteromeric receptors. Second, we examined the func- 
tional responses of T1R2+3 (sweet) and TlRl+3 (amino acid) 
receptors carrying either the taster or non-taster allele of T1R3. 
The taster and non-taster alleles of T1R3 generate functionally 
similar receptors when combined with TlRl, but the non-taster 
form displays significantly impaired responses when combined with 
T1R2 (Fig. 4b). Thus, responses to L-amino acids are not affected by 
the Sac locus in mice because Sac selectively affects the TIR2+3 
receptor combination. 

The finding that polymorphism in one of the TIR receptor 
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Figure 1 T1R receptor combinations respond differentially to l- and o-amino adds. a. 
HEK-293 cells co-€xpfessing promiscuous G proteins and heteromeric mouse T1 R2+3 or 
T1R1 +3 receptors were stimulated with l- and o-amino acids. Thjs T1R2+3 sweet taste 
receptor is activated by sweet-tasting o-amino adds but not by L*amino adds deft), tn 
contrast, T1R1 +3 is activated by L-amino adds and responses are potentiated by (MP 
(rigtit). Amino adds were 50 mM and (MP was 2.5 mM; ttie colour scale indicates the 

iBtk) (see Method^, b, c, QuantiTtcatton of amino-^ responses for T1 R2+3 
(b) and T1 R1 +3 (c). Amino adds were 50 mM, and IMP and L-AP4 were 2.5 mM; control 



refers to 2.5 mM IMP alone. Each column represents the mean ± s.e.m. of at least ten 
independent determinations. IMP had no effect on T1R2+3 (data not shown). o-Amino 
acids (with the eicception of o-Ala in the presence of IMP) and natural or artifK:ial 
sweeteners did not activate T1R1 +3. Trp elicited no responses and Tyr was not assayed 
because it ts insoluble at high coQcentration. Note that the achirat amino add Gty activates 
both receptor conplexes. All caldum measurements and quantifications w/ere perfonned 
as desci^ tn the Methods and ref. 7. 
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Figure 2 Dose response of T1 R1 +3 to i-amino adds and IMP. a. Dashed lines with open 
symbds represent dose responses of T1 R1 +3 with i-amtno adds ^uares. Ala; drdes. 
Glu; triangles, Ser). The presence of 2.5 mM IMP (solid lines with filled symbols) shifts the 
responses by at least one order of magnitude to the left Equivalent results were obtained 
with most L-amino adds (see also Fig. lb), b, IMP potentiates responses of T1R1 +3. 
Shown are dose responses for Ala (2 mM, squares), Glu (4 mM. drdes). Ser (2 mM. 
triangles), Gly (4 mM. diamonds) and IMP (inverted triangles). Responses were nonnalized 
to the mean response at the highest concentration. Each point represents the 
mean ± s.e.m of at least ten assays. 



subunits differentially affects receptor function suggests that other 
sequence variations in the amino-acid and sweet receptors may 
significantly influence tastant sensitivity or selectivity. For example, 
humans can taste a number of artificial sweeteners that rodents 
cannot (for example, aspartame, cyclamate and various sweet 
proteins"). Rodent and human TlRs are only about 70% identical'. 
Therefore, we generated heteromeric receptors consisting of human 
and rodent TIR subunits and assayed for activation by amino acids 
and artificial sweeteners. Indeed, the presence of human TlRl or 
TIR2 greatly altered the sensitivity (Fig. 4c) and the specificity (Fig, 
4d) of the amino acid sweet receptors. Cells expressing human Tl Rl 
are more than an order of magnitude more sensitive to glutamate 
than to other amino acids, and cells expressing human TIR2 
robustly respond to aspartame, cyclamate and intensely sweet 
proteins (Fig. 4d and data not shown). Thus, the nature of the 
unique partner determines whether the receptor complex will 
function as a sweet receptor or as an amino-acid receptor, and 
sequence differences in TlRs between or within species (for 
example, polymorphisms in Sac) can greatly influence taste 
perception. 

In humans, monosodium L-glutamate (MSG) elicits a unique 
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Rgure 3 (MP stimulates responses d the chorda tympani nerve to amino acids in mice, a. 
Integrated neural responses of 0576176 mice to Glu, Ser and Ala (30 mM each) were 
recorded with and without 0.5 mM IMP. The responses to 1 00 mM citric add and 0.5 mM 
IMP alone are shown in the upper traces. Equivalent results were obtained for most 
L -amino acids, b, Integrated neural responses, such as those shown in a, were 
nonnalized to the responses of 100 mM citric acid. Black t)ars. tastant alone; grey bars, 
taslant + 0,5 mM IMP. The values are means ± s.e.m. (n = 5). Sucrose was used at 
1 00 mM and all other tastants at 30 mM. Asterisks indicate statistically significant 
differences (P< 0,05). 



savoury taste sensation called umami"*^. Hallmarks of the umami 
taste are its potentiation by purine nucleotides, and activation by 
the mGluR-agonist L-AP4 (ref. 25). A mGluR4 splice variant has 
recently been isolated as a candidate umami receptor^*. An import- 
ant question is whether TlRl+3 is umami receptor. Our results 
demonstrate that TlRl and TIR3 combine to function as a broadly 
tuned amino-acid receptor Notably. TlRl+3 responses to L-AP4 
(Fig. 1). MSG and other amino acids are greatly potentiated by 
purine nucleotides. Thus, we propose that TlRl+3 is a constituent 
of the umami response. Future studies should help define whether 
TlRl+3 is the principal, or an additional, umami receptor. An 
interesting paradox that emerged from this work is the relationship 
between receptor activity and taste perception. For example, 
TlRl+3 responds to most L-amino acids, but not all amino adds 
taste the same: some are attractive to mice and sweet to humans, 
whereas others arc neutral; some are even perceived as bitter and are 
avcrsive to animals*. Similarly, very few amino acids elicit the taste 
of umamL The identification of bitter, sweet, and now an amino- 
acid taste receptor provide a powerful platform to help decode the 
interplay between the various taste modalities, and the link between 
events at the periphery (taste receptor cells) and the central nervous 
system (perception and behaviour). □ 



Methods 

Heterologous expression and caldum imaging 

Cells were grown, mainuined and transfected exactly as described eariicr*. Transfection 
efficiencies were estimated by co-transfection vrith a green fluorescent protein (GFP) 
reporter plasmid and were typically >70%. FURA-2 acetontethyt ester %vas used to 
measure intracellular calcium concentration ((Ca'* 10 , and assay conditions were identical 
to those previously described'. Responses were measured for 60 s and the fluorescence 
ratio at wavelengths of 340 and 380 nm (FW^sao) ^ measure jCa'^ii. For data 

analysis, response refers to the number of cells responding in a field of about 300 
tramfccted cells. Cells «wrc counted as responden if Fmq/Fmo increased above 027 after 
addition of tastant In general, >90% of the responding cells had FWFmo > 0.35. Dose- 
response functions were fitted using the logistical equation. Studies involving taster and 
non-Uster alleles of TIR3 used contructs of complemenury DNA coding for T1R3 from 
C57Biy6 and 129/Sv nuce. respectively'-"'*'. 
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Rgure 4 Polymorphic differences in TIRs influence receptor function, a. Immuno- 
precipitation and western blot analyses shows that Sac non-taster and taster alleles of 
T1R3 fonn heteromeric complexes with T1R1 and T1R2. Cells were transfected with 
combinations of TIRs as indicated. All extracts were Immunoprecipitated with anti-HA 
antitxxjies, and the resulting protein complexes probed with anti-T1R3 antitKxlies. A^, 
relative molecular niass. in thousands (K). b-d, Results of cell-tjased calcium imaging 
assays, b. The Sac allele selectively affects the T1 R2+3 heteromeric receptor. Responses 
were normalized to the mean responses obtained with the taster allele (black bars). The 
responses of T1 R2+3 to sweet compounds are significantly reduced when the non-taster 
T1 R3 allele is used, but responses of T1R1 +3 to amino adds are unaffected, even in the 
presence of IMP. c. Human Tl R1 influences sensitivity to nrwnosodium t-glutamate. Low- 
concentration MSG robustly acti\rates receptors containing human T1R1 (open circles), 
and IMP potentiates the response fdled circles). Also shown for comparison are dose 
responses for Ala (squares) and Ser (triangles). For each s^, responses were 
normafized to the mean response at the highest concecitratk)n. d, Mouse T^ 
bars) responds to sucrose and other natural and artificial sweeteners, but rKit aspartame. 
However. si^)stituting human T1R2 for mouse T1R2 (grey bars) in the rodent tlR2+3 
receptor Imparts aspartame sensitivity. 

Immunopredpftation 

Antibodia against T1R3 %vere generated using a peptide corresponding to residues 824- 
S45 of the mouse receptor. PEAK***** cells (Edge Biosciences) were transfected with H A- 
TlRl. HA-T1R2 and TIR3 in various combinations and were gathered and disrupted in 
buffer conuining 50 mM THs-HO at pH 73, 300 mM Naa 1% NP-40. 03% w/v sodium 
deoxycholate, and protease inhibitors (Roche). Lysates were incubated overnight at 4*C 
with mouse monoclonal anti-HA antibody (Santa Cruz) and immune complexes were 
collected with protein AG -agarose beads. Samples were fractionated by SDS-PAGE, 
transferred to nitroccUulose membrane and probed with anti-TlR3 antibody. As a control 
for the specificity of the interactions, wc have shown that artificiaUy mixing extracu from 
cells expiTsstng ta^ed TlRl or T1R2 with extracts from ceUs expressing T1R3 does not 
produce complexes. Similarly, co-transfection of a Rho-tagged mGluRl receptor" did not 
produce TlR-GluRl complexes. 

Nerve recording 

Ungual stimulation and recording procedures were performed as previously described' 
Neural signals wre amplified (2,OO0X) with a Crass P51 1 AC amplifier (Astro-Med). 
digitized with a DigidaU 1 200B A/D convenor (Axon Instruments), and integrated (r.m.s, 
voltage) with a time consunt of 0.5 s. Taste stimuli were presented at a constant flow rate of 
4 ml min"' for 20-s intervals interspersed by 2-min rinses between presenUlions. All data 
analyses used the integrated response over a 25-s period immediately after the application 
of the stimulus. Each experimental series consisted of the application of iix tasUnts 
bracketed by presenutions of 0. 1 M dtric add to ensure the stability of the recording. The 
mean response to 0.1 M dtric add ws used to normalize responses to each experimental 
series. 
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